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Possible Near-IR Channels  for Remote Smsing Pwcipitabk  Water Vapor
from CorAMiwMwy SMd!if*  I%tfnrms

1. Introduction

water vapor  Wticd profik M jymd vcttical  W hor~
izontd rusolulion  vvcr  Iargc gcogrophic:d  Jrcos  MC

t.wfu] for mctcorolo&icd  applications The f;cuwi i(m-
wy satellite platforms urc most stmahlc W I q ucnl
mcasummcnts with Iwgc area covcmgcs. II\ I hix pupcJ.
Ihc inuqynlccf  wdux vispor  conlcm  f’rom  L;r(iurd III

sp.mx i:+ rcfcrrcci  to u tho oolumn water vapor omount,
or us the prccipitablc vmtcr vapor,

Present sxtcltitc  cxpabiiities  in @mote sonsins ofwa-
tcr vop(w  h:kvc bum summariztxl  by Stare and Mclfi
( 19°1 ), ‘I”hc V isihlo-lnfmrcd  Spin .Scan Riu-iinmcmr
( VWSR ) Atmospheric) .Soundcr ( VAS ) on Ihc current

Gcostalim.wy  C@rdtionttl  Environmcntd SMlilc
( G(MK) lyi)iudlv provides data W a wmporal rc4u-
tion d’ wmroximtitcly  90 min A with U spatial res=
0111! 11)1) d :Lpproximtitoly  30 km, find was originally
dcsignul  mainly kr remote sensing  of atmospheric
wmpcramrc  profi[cs ( tlao ct al, 1990 j, However, a tkw
bro:dbunct tihanrscls  in ihc 6- 13-’um region also have
,wnsItIv Ity IU WaICI  vqmr, dnd u split window  technique
({”hcst(:fi r! :~1, I W3) has been u,scd in deriving moi~
lure ]icl(ls, ~;; ,)CC  I r)H7  a physically  bisscd tcchhtw
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( lkty@t 1988 ) hus been usccl for’ opcn~lii)n~l rctric.vals
ol’both tornporaturc  und wwv v:lprw pri>filfi~  :If i:[x)rsc
vertical VW ut inn, The rcsult$ show tknrly t hc coP:l-
bility  for obsiwvhtg largwscalc  tcrntxrmurc  arrd moish
turc structures, Thc main weaknesses art the bids txrors
in the rut ricvttls. t hc tk’ndencc  on the !irst wsscs
untl the cflkts of clouds, So far, Iimitcd quantitative
inlbtmution  on water vapor distribution ha.. bccrr de-
rived from GC)ES VAS rncasurt!mcnts  ( Starr  ml Mcih
1991).

The current opt!rat]onat h’rfritrcd-microwave
suunding  syslcm (’fOVS ) on polat-orbilin~  plulforrm
wit.. drxigncd for rcmow sensing of (cltllxr  m wc Jmi
waler vupw proiilwi al u tcmpml rtxolulion of ii~

pluxim~tcly six hours. ‘fhc HiBh-Rc$olution  [nfmrw+
Sounder ( HIRS-2)  of TC)VS  has nearly twice as many
chunncls u:! VAS. WulQr vapor profik+ have hewn de-
rived from rncasurcmcnts  in five hroodbond i nfmrcd
clwnncls hctwom 6 :md 14 ~im. 7“Iww ch;mncls Mw----
huvu (wr~pcrawrc  wnsilivity.  A physically hwxi tcch-
nhtw (St.wkind  c1 u]. 1984) has WGII dcvcl(IPcd  for
rclricving  Wmpcriilurc  ond wak:r  vqmr protilcs l“rom
TOVS mcasurcmcnts, ‘W unccnuimy oi”thc rclrimwd
column w~tw vapor wnounl is approxim:mdy  !’20%.
Tho unccrlaintks of waler vapor vtx’wil  WIIIIIN  at
diffcrcnl  fmssurc  It!wls  we Iargcr than 20% ( Nitrr  and
Mclli 199 I ). Although HIRS-2 hiis mor-u chunnck  IIKIrr
VAS, Illc rclrk%lxl  WNcr vapor protks  alfio show dc-
pcndcrm  on the fkst-guess tctnpcraturc  :!nd wdter vu-
por prulilm., willI  lhc $rc~tcst Ucpcmtc]xx  UI(W t{, the
srJrfm ( Rcutcr  VI $1. 1988).

Thc next Bwwrution  d’ gco:;ttiti(wwy  WI:OI  hcr WI.
cllilcs (GOE!!  I-M scri6Y)  ( Rtio cl id, IWO) will hove
impr(wod  itma~in~  :inrl Si*uflt{il\fj  :.ytldfnv  ‘1 ‘Iv,  tf]t!m !4
ing syswms will huvc I K IR ~hi]t)t~~l~,  simil:~r 10 II I(PL’
(t(l II RS-2, Ii>r remote sensing oj’tcmpcrn(urc  iIINI  WJIL’I’
wipuf protihx, Thcrcfrm. the c:lptibilit y 01” rumok

kcnsin~ of wtikf vapor profiles from ( ;(Y!S I-M writs
sitldlitcs iri cxpeclwl  m lx conlpar:hlc !{) [lt;~l (ii” Iht’
current  141 RJ3-2,

In Ibis pttpcr, wc discuss tho p)ssihility  (II” remote
scnsi  ng Uf column  wdkr vvpor.  mOstl y kxatcd in (hc
bounclury  Iaycr of W Wrmspherc,  from nwmurcnwnls
of solar radiation ntxtr 1 WI rdtcckd hy kind sur fiicI.s
from gco$lulionury sulullilc plw fm II Is.

2. Remote scnsirtg of wtttcr  vnpor  u+ing lhc lt.W.pn~
band

Remote ,scnsing of ~trnosphcric vmtcr vi~ptx  from
LIIC gmu m{ htM MINI x’hitwd  hy mm+t]rin(:  I r:lnsn)it  1(.t[
stktr rxtiulion  in two nc~r-lR channels  ( f’ow[c 19 t ?,
VOIM  1974;  Bird and Hustrom  10 % 2 ) ,  (jnc [II;IIIIWI IS
within t hc (),94-~m water vapor  ;ihsorpl]i)n  hn ti{j. :Ind
the uthtir is a window chnnrwl ncur 086 ~#oI, ‘1’}:(.  mtit~

0 of the ridiimcc from the ~bsorption clumIwl with the
. .. J . . . . . . .1’-. . 6A, . . ..* de... .k., --.’l .,.,.,... L .1. . . . . .,. -
~tnmsphw-ic  wmcr  vapur  triuwmi((;m~~  oiulI  i pi id by

s constuni.  ‘H]c constant is equal to the ratio of the
CW-N mospheric solar irradianoe  at the absorption
channct to that at the window channel, ‘fhc amount
of waior VJCWM is derived from the transmittance.

Remote sensing  of water vapor horn an aircmfl
pjiuform has been made from mettauromcnts of solar
rndisttion  near 1 ~m retlrmted by land surface targets
(GOO and Goctz 1990; Frrruin  et aL 1990). Column
w~tcr vjpor with a prcclslort  of better than 5% has Lccn
obtained (Gao and Goetz 1990) from airborne imagirq
sptwromcwr da~ by VUIVQ fitting obwrvd  SPStiRJ wi~
r:k:tdotcd  $pcctra  in the 0.94- and tht 1, 14-&rn  water
vapor  b$ind  ubsorptiwr  regions wing u nordinuar haast-
squarcs  tittin~{ twhnique. During the fitting process the
~;u~~cu ~cflQcvAncL~  rIm amummj to vnry linwrdy  with

w,ivdtm@~ in t hc two wrttcr vapor hand absorption
rt.~im~< A rwx!nl  comparison ((ho U1 al, ] 9fJ~) Ofwatcr
vq>or rctricv:ds from airborne imaging spectrometer
dfitit using the ctwvc fittirrg  technique wtd water vapor
I-C{  ri~;v;d~i  from ground”h~$cd  upward-looking micro-
W;IVC emission mcwwmmmts has shown that the results
from Ihc Iww kinds of rrrrxuxm?mcnts  tigroc 100. I cm
whtm t,hc ntm~$phcric  column water vapor amount is
approximutcly (L7 cm.

Column  watur vapor has been dcnvcd using the so-
cfillca ‘“di~crcntial ab$orprion  n?chnlqtte” ( Protdn et
;d. IWO), In this technique, the snktr radiation  mtktcd
IIy IIIC  CJIIII’:,  MII tkc is iwcasurcd in two rrcar.[R chan-
rrl~ls ctmtcrwl  M the same wavclcrtgth  of (),935 Am but
with dit%rcot  width$. The width of the narrow  channel
is 17 nm, ontt thot of the broad chunncl 45 nm. The
IWO ~“l~unnulr huvc different scnsitiv{t{c$ to wotcr vapor
ch;m~cs,  USPCKIUIIY when the amount  of w~tcr vapor
in !h{.  :ttm(wphtw’  iS small. The ratio of rfidionccs  from
(IW IWW ch:wllcls  is nearly indcpcndcnt  of surfdcc rc-
tlc(.%~nc~x  A kx of the lcchnictuc  usin~ dato measured
t’rom;:  low-ilyi ng ;Iircrall platform gives column water
V:ITW :ImotInl  with J precision ol’approxirrntcly  15%,
‘h h)WLT prxxisim’r  01’ this ux!hniqtw,  rc!alivu to that
O( the curve fitting Lcchnique. is duc 10 the fact that
IWh (hc nurrow and the broad CtKinrM15  have $cn$itiv-
iti<’~ to watl’r v:~por chtingcs and the two.chmtncl  ratio
is I h~rt:l’or(+  I<SS sensitive to wutcr  vapor  chnngrx

3. Sdectimt of ntvw-lR  chwttwlts for ~eostationary
satellites

Ihc ctrrvc frtting tcchniquc  for deriving column ww
tw vopor Wquircs measurements of rctlcctcd  solar ra-
Ai:}timl ;II high spcctrol  rctsoluticm  so {hat the $hapu  of
111{1  w:u(:r v:lpor trend can ho rmnlvcd. This, in Iurrr.
rcq uirw qmlrd  mmsurcrncnts  in ~pproximatcly 20
~.lxinm:l!i :11 I (1. nm rcwlution,  to cover the whole ().94-
prn wiltw v;lpor Nwwption rv~on und twtrby Mmo-
,.phcti(:  tvirl(iow rqjions.  It is not practically feasible in
IIW ocar future to wtr.t this many near-l R channels to
.,f>.~.e,.~:.-.>.-> . . . . . ..* L<. F ,.,,. *U:..  C*- *.&... F:.. @ ..1.. -...
w:klCr  v:~lhw ttrnounts.
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is ok subkctd I() writer vapor ahsoqnion,  As a result.
I.p.l,(  A ) c<mtains  wawr  vapor absorption features  ( Clan
Und (;ncIv. iWO), Wc assume that ~~!h( A ) can k
tr~{tcd approximately as a fmi?tion of diret!t  rckted
solar radiation when the aerosol eonccrttrations  are low,
This ;~wrmtyttinn  allows tht! dcnvation  rrfco!urrrn  water
vapor rrmounts from satellite data without thtt need of
mndclintt sin~c tind multiple wzrtering ctkts,

h) ,Simi[ivi(v (J!hc (7, !24.Pm wuter vapor bard

According to lqbal ( 1983), the monthly means of
culurn rl WIIWI  VqJOI  in dit%rcnt  parts of the United
S(WS arc typicully in the range 0,5-4.3 cm. Figuro I
$lmws  th~ culcdutd  KXdl  utmosphwi~  &aseou6  trans-
mitttirtcc spcctr~ in ir sun-sutilcc-sensor ray path for
a]lunlrt whtcf vupor amourtu d’o.(j. I .2, 2.5, and S f)

cm in lhc i),ll--l. l~pm region. The calculations wtxc -,
Ibr:1 sohr  wnith  ortp,if> rtff$06 and for an obscrvaiional
7,CN W tiIIFJtJ  01”45”. Tht  two angles are rekitivc  [o tht
lo~iil  vw M direct km of lhc surface pixel (the ground
itwmtmx~us  iickl of view) being viewed. The cQlcu-
i;ltitms  ud t h e  midialilutk  summer  otmosphcric
modtl M’ LQW’I’RAN-6  ( Kncizys  c1 id. i 983) witil lIK
tolai :Imiwnt of wutcr vapor in lhc modtl king scaled
by :Ippropri;ltc rectors. “1 ‘he calculations mod the
M:llkmus ( 1067 ) rwrowhand  spectral model with the

/ ]5 B6255$$5vC1 0 S - 0 3 - 9 3  ]3:1224 L!?: JAM  (Jan) -0101
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l%;, 2 shows such a broadband fettturc in the spectral
rc~ion hct wwxt approx!mtue~y  0.8 and 1,25 pm.

Figutv 3 shows  vegetation and snow reflectance
spwtta TIILW welt obt.aimxi from surfaoo rektanoo
speetrii compiltxl by Bowkcr ct al, (1985), and corre-
spond to their number 6 I nnd number 144 spectra,
rvspectivcly.  The vqymcion  spectrum baa a liquid water
biitld  ~uted at approximately 0.98 Pm, ‘f’h~ srmw
spectrum has an ice absorption band cxmtered  npprox=
imattdy :)1 1.04 ~m. For comparison. ~i, 3 tdSO show%
a cxdcuhit~ water vtipor trttttuttittance spectrutn.  The
posiiions  01’ water vapor, liauid water, And ice absorp
tion bunds are relatively shifted. The shilling of the
vihm[ional band$ is dtw to increases in intcrtnoleculaf
forms ash w.ltcr  mokcules  become more organizti
in tlw liquid und did states (Bunting and d’Entmmont
1%42),

{ I ndcr I ho  vilttt~m cnvironrmmt in space, the bard-
p:]sws  of’ intt;rf’ren~e filtcts may change gtiually, Tttc
Imndlmsw% lend to Ix shitkd o r  bnadencd towiird
Iottcer wtwciwtgths (P. N, Siarcr 1989, private corn.
munici~tion  ). Tlw  shifts can rcwlt in chrmgos  in moan
ilfrt?~sphcrk  tr:insmission  propetlies  over the hand-
PWWCS,  Nmt therurtwe aflkct retrievals of column water
v;tpor  :imounts  ~rotn near-JR radiance mcasurcmcnts,

l - ”
I J. f

i
l—— I
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The chrmgcs  in biindtxtsscs arc U$uillly not nmnitorocl
on SUtcllltcs.  Rccrwt Iulwmauwy .studirx  xhowcd  Ihat the
bandpasscxi  of some intcrfcrcncc  tillers did rroI chiingu
in th~ Vacuum cnvironmunt (Y. J. Ihufm:;n  !9W.  IW+-
varj communication),

c) CJwtrrLd .vckcf ion

:Iiso rcl:ltivcly  insensitive to a $rtm shift in the bandpass
I o 10nFsur w~vclcn$hs.  This is brmLc.@ after the band.
pms shitlinp, the dccrcxc  in transmittance nettr thti Iefi
qidc  of Ihc h:mdpass of the channel k somowhat  corn=
pcrtsttt?d  by the increase in transmittWrce  nom the right
sick of {tsc bandPMs of the chanrscl,  The reasons for
~lccting  s broad absorption ch.annd are as fbliOwS.
The broad channel ailows more enwgy to be coliected
at g~wstationrrry  altitude  than a ttanoww channel, The
broti chwrnul contains the center portions of the 0.94-
pm w~tc.r v:mor band.  which are very sen$irlvc to water
vtipor chwtgcs  under I@ conriitiow  and the edge POP

[ions 0S’ W watrw  vupur band, which arc sensitive to
water vapor chtmgcs under moist conditions. As arc-
sulI, ~hu >i@c  brcml channel has sensitivity to WNcr
wtpor changes under both the dry and moist conditions

A thrccch~lnnol  rdtio  computed from Salellitemm=
WJrcd mdiunccs  based on [hc cquatiorr

f?*(0,!)35 Km)
‘{ A’’’l”””” “ i.’, Ry 0,865  ~m) + C“2R*( ! ,04 ~m)

iiI U(I. (z}, Ihc wrwni  Cl is quid 100,6, ad C: 0.4.

Thc LWO constonts we determitmd  from the center w
~iliulls  or thu thru~ channels, The column water vapor
:IIINW II(S an k obtained from the three-channel ratios
u:,in~, for wwmpld,  the method dewrihcd  in sowtkm 5.

‘T’lw c$~im:ms ot’ \i[!nai 10 noise ratios of lk three
prIIpwd nc:w.111 dwwwls am hscd on the pmamctcrs
of GCN% 1-M $crxx swilitcs  ( Rao ct d. IWO). As.
sumpiions  USLM in (I)c cstimatc$ include: wlcllitc  altl-
IU(IU oi” 3$ W()  Iim:  srd:!r zenith unglc of 6(1°; ohscr-
v;lt,ion:)l zcnilh onglc of 459; mtxsn  surtlcu twgct~ft~~
0S’ (),3: mc3n $ur[ivx to sensor trimsmiltanm  of 0.9

/ J5 B6=5$$$$1 08-03-93 1x1224 LP: J A M
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4. Sctwitlvity ufid wror analysis

Wu WIIUW wrots in column  waler wtpor  dcrivti-
tions from radiimccs of lhc thrw  procroscd  ncar+i R
chimrwls duc to I ) firtilc signal 10 nwsc ratio  ot twtcllltc
radiunce  mwwuroment-s, ~) nofilin~:lr sllrfl~? rL![l~!~-
lanccs ncw I pm, and 3 ] clrifl$ M’ mtcllitc ch.lnncd
positions by 5 nm.

as a futtctton d column wawr  vapor amourrl  llxi~lp,
atmospheric itnd spectral models. In EtI, (3).
T~c~,, (0.935 pm) k the mrmrr  tramf[titlolwc  CJVCI-  th(.
himr.tposs of the absorption chtinncl,  Tn,r,,,( 0.865 Mm]
UINJ ~l~~o,,( 1.(M pm) are lhc mctirt tmrwmi(wm:w,  twcr
[hc Ixtndpmscs  of’ the two window ch:mnels. rcsr’wc,
tivdy, Figure  Su, w h i c h  ifi obtaincrd  Ikmn (ho threu.
ctwnncl rdtio Wtsi[ivityctrrvc in Fig, 4, shmvsulwluw
column wutcr  vupor errors for:! I ‘L i:rnw in [hc lhrtw-
chunncl ratio u ndcr conditions d’wlumn wwr VWOI’
nmimrlts  in the O. S-S~cm r~ngc, Figure $h shows Lhc
rckttivu  column water v~por  error us u functi{!u  or coL
urnn wulcr  vupor  mount.  Although I.hc :dwolutc cd.
umn water vapor error in FIgo St hwtmws M tlw cd-
u mrt wutcr vapor amount incrtxvm. t Iw oppoh is Irttc
for the rdittivc column water vapor wrot  in Fi~, 5tI, II
is seen from Fig, 5b that for medium  mmditkms with
column wut~~ vapor amount in W ?,()-~.,%crn wngc,
it I % error in the thrce+hannel rtitiu CWJWS WI error
of appruximtrwly  2.$% iu lhc dcriw~ uolum n wa~cr
vapor  amount, This relationship is used in our column
watg.t  vapor  m-or  ttnalyrlig IMcr.

ii
z
$ O,rl
z
u+ (1, ?

11, I

11,1’ II I r—t——r 1 1 I t I
) 0,5 l.(l  1,$ 2.0 2,s S,O 1,$ 4,0 4A 5.0

COLUMN  WATER  VAPOR  AMOUNT (C@

l%;. 4, “l”hc dcpwulcnce of Uucc.chnncl rdlio#  on lhe COluMfi
w;ucr vwxrr ~mourm. ‘l’he calculations were MC for u mlnr  ‘urrith
:IIItjr  iir 60” :md JII olxcrm!iorud  wmith  trnglc  of4S’.

~rmr i~i dcrivd  column water vapor amounts due to
hnitc  stgrud to noiw ratios of the three proposed nea~
lR channels is rmjjigihlo,

n) r

L
~>.f 1,0 1.$ 2.0 2.$  2.0 3.5 4.0 4.s .6.0

(: OLIJMN  WATIN?,  VAPOfl  AMOUNT  (CtM)

/ JS B62W$$M1 0 8 - 0 3 - 9 3  13;1224 LP: )AtM (Jan)  -0101
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A major source of mor in dcnving column wnlcr
vaput  amounts from mctwurcmcnt=c  of retkted !:nklr
radiolion hy land surticc targets  is (tic assumption of’
Iincor  wrt’rrcu  rdltxwncw  war 1 vrn This wurrcu M’
error k andy?od in detail Mow. A lotd N’ I S 5 rcl)cc-
tcrncc qwtm M J vtiricty of surface tti~,cw  were cOm-
pil~d by Etowktx  cl itl. ( 1985), Thwc spcctm provide
iI basis  I@’ studvirm the Iincw+tics of fCfh’A2hf~(X?S  d’
different wrkw targ~!s mx I pm. “fhc swctfi~ wcr~
obtained from approximfitcly 60 sources. I’tw qu:dily
of the spcctr~ vary si$nilicmly:  some d Uw $RCCIM
have obvious errors,  such a!! iinomrrlous incrr~ws or
dccrcascs  in r~flc’dttn~$ ow!r  a very short wnvclength
inWvd  @.rc to errors in instrurrrcnt  grin fiic,tors.  Some
Of tht  Spr.Xtt71 have crrurs ut grrwtw tlIiJrI :?0 r-m in
w.wulcnglh  coljbmtions,  Sornc  cnvcr a sfx. mml rt~iwr
buIwQ’11  Lq)proxi mutely 0,~ and 1.0 ~,m, which is t(m_ _ _
shwl for the tinalysi$ of lint: wit y ol’ rcllcrt:mcus  in Ihc

.,, 0,t?5 1.055-’Pm  rqr.im. After climin:ltirtfl Pnm’.riwdily
spectra by visual inspection. which is sr~mcwh:u  sub
jcwtive. und vlimin:lting tttmw thitl do not htlvo sul?icicnl
wavclungth cmwagcs,  a to~oi 01”78 rctlcctilncc spccm
ofhs vcgclation, grown vcgclation. m inrmds  md soils,
UINJ SIIUW irrc selected for our analysis,

For ciich of the sclwtcd spwtm, Ihc mc.ms O( rc-
tlcctttnccs  over the bandpasst% of the two wifid~w
channels ml the ahso~tion channel ore calcul:ltcd.
TIWW mwm rctlcctanccs  arc rcprcscnlco  hy l?,,,,,,fi-

(0.865 #m), I&WI ( 1.04 #m), and R,,,.,,,, (0,’W5 @,
rWS~k’C~jV4J]y.  A  prcd]~t~!d  rnrxln r~l]~yti[~~t:  OVUI LIIU
Iwndrxw of the :iborption  channel, // ,,r,:$l.,,,,,ht)(  i~.”35
pIII). is uhtainwl from Rn,vill,(().!W5 ~m) orrd //,,,:,.(  I .()/l
pm) I)iid on Iirwor inlcrpokuion,  Then the rtllcct:tnr(’
w-ror, RW+RR. twtwcon R“,K,,. (0,9JS pm) :.Ind
R, Wr~,,,lvO,,( ()$935  pm) is c[ll~ulatwl  iwcorrtin!’ to

8 ... .,... — .

1
,, ., -..., ,,,

!bum u-m  w&u.L!OlamOn.41  * wIwMi*
?lU, Pi#*! Mlhbmn  ● nd Polk (@mccw  Iron-  WI! -ah)

4 N! ilwl.t’ulb  -Ild
Tti.m,l.l *6.

-4 1.
1.

e

rJ

d “ ,*,

WCVfWM  t4uMBmu

I

1’AIN.IL 2. AVCrWC  mlkcumc cm= ror dIHcrcnt Waco  wm unu
UIC  crwrqx.md!~  syucmulw  crrori  in dcnvcd column wulcr WIpor
umwwnv,  if Ihwur  twd’x+ rektanctw nrfi wsarrncd.

Column
Number of llclhWrrrtCc Wpor

Surhx lypc spwwu tmrr error
. -”.- . . . . . . . . . . .
( Wcn  vcp.dtitl(m 25 I ,(U% 2.6%
Dry wwmmion II U,Y7% 2,4%
Mltmr’fils  :Irra $oIls

(WWCOI  iloa.rich  soils)  34 1.04% 2,6$$
Ilolbrfcli  .Wlfl\ 4 J..M’% %4%
,Ihulw 4 I,S4T’ 389%

.,. . ~... .+

REFERR (4)
//mlWn(0t9.]5  pm) - Rnd.mC6J0.935  m)., .-,—-.M , .,..,,,”. — .

R .W,,,I( 00935 wn)

W.U;LMR is u diwct mwwurc of deviations from lin.
txuity 0!’ surikw rvllcaances. Figure 6 shows rwlwxwrcc
vrrors  for ihu ?ti sdwxd  rclktartcc  spectr~,  with lhu
horimnu.rl  uxis r~prcwxrting  the spvwhal  Iiumber of
tkwkcr  M J1, ( lWi5 ). MWrcm  symbols arc USM in
LiIC vI(IL k I UIXUWIIL  Ji{bmt Arsscs Of surfucc ttwgvl$.
!kxtw types d’surkcs,  such us mincrdls and Soil& have
pw+itiv~ und nqy,rtivu  rdhrxance  errors. Th(r avera~
rcilccftincc  WYOr  fur a class is calctdatcd  using the mag-
nit ude of’ IAXJtAnCO errors  of the speclrA  in the class.
rddc 2 gives lhc averiigc rcflcotuncc  errors for diffcrtmt

t YOM nl’ surftictx  and the cotwmondhtg  errors h dc.
rikin~  column wuter vapor vidws if linear surface re-
ktorwtis arc ussurntxt, 13ccauw  dcviution  from  Iin=
culity is FJCUIM(  for iron-rich soils, wc havt separated
iimm t’tom Ihc Ncnrxal minrxal and soil clwx and trrxttcxi
Ihutu us itnoIIIu’ d~ik, ‘“1’d)ltj 2 shows thut d“ surfw
KWMilnL3.  % ,Irc il$’ilill)d 10 IX Iinciir func t ions  of
w;ivdcngt  h wlk’n Wriving  CO(U mn water Wpor valtxx

over dry vqymtm.  grwn vugctalibn,  mirwnti  ml soils
und mow, lhu systcmutic  crrurs in tlIO CM  ved column
W(I(U vupor  vaIucs uc gcnurislly bs than Wk. For the
inm-rich  x}il,l,  the tiy,?tenurtic  wMW  vupot error i:; ap
proxinuucly X.4%.

“rwo sPOcifiC txamplos  Ofrofhmtance errors and th&r
comsponding water vupcrr errors arc prcsenttd below,
‘Y’IW wqcin (ion SpIWtrII m in Fig, 1 shnws a rdhtivc]y
deep IiQuid  wmcr  v,upm absorption feature centered 31
().~~ ~t n~, in c~m~~rison  with other vegc~!i~n  sWct~
used in the analysis  above,  The reflectance error for

lhis spcclntm  is -2.3%, and the cormspondhtg brror
in column water @?i- dcnvatiort is approximately
5 .W& ‘rhc snow rctlcctancc spcotrum  in F@. 3 has an
iCo Ar,sorpl  ion tkm,rrc ot 1,04 ~m. The rcHcctancc WTOr

lWkihmW!!&i?4&? &?MM.i.wwmd!whmy
4.{)%, These two txirmplcs  show that even if there arc
]iqui(i ~lmi i~w dxwption  features in the ().85. and
1.055-jmi ipccw:d reginn. lhc cffkcM ofdeviatiort  from
Iinrwilv  ,~t” surthcr reflcct:tnccs  arc still rrhtivcly  small.
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The b~ndpass  shifts disct.wwd  previously arc tm.mlly
not mtmitorcd on satollitcs. Our analysis shows thttt
upproximalely 0.6°A of error in (hc derived column
wtttcr  vapor vtducs will occur when the Imntlpassc$ 0(
the two sclwtLW  window channels are shifted by 5 II!II
to  Iongcr wavelengths while ]hc rwiginaj unshllled
Mx.tpusw arc iwsumcd  i n  t h e  dumu WCLIW  vtiIKm

derivation. The same analysis htis lwcn done for the
wlcctcd water vapor chunrwl. The mull show  thnt :i
5-rim shift in the bandpxs  cm.wcs ~n error (d’ 25% in
lhu Arivcd  column w:tkw v:mrw VJIIW.

5. ~olumst  wntcr vMpor dcrivatirm from A V I W$ dxtn

1 n order {o dcrnonsu’aw  the possibility of I-crnoto
sming 0( column WWr vapor  from  0 g,costot  ioniwy
,si]kllitc with Ihc proposed thnw nc:Ir-  I R chaunck  uol -

.- umn wutcr vupor imtigcs haw h+.’cn (Iwivcd from SPCC.
t KIl CIUM collcctcd by the Airhornc V isi hlc.dnfmrc(t
lm:t$in$ Spcctromctcr  ( A VI RIS ) ( V’JIIC  1!187 ) itsin~
Ihc thrcw+hanrwl  rutioing tvchniqut’.  AVIR IS is l:ur-
rcnt I y w opcrutionul imugirrg spcclrimt!~ w. ‘I%is in-
strurrwnt  ima~ the citrlh.s  surfhuc  i n  224 sptxtrnl

o+
O.W O!uz 0!00 U!9!I 1.OO 1.0$

WAV)2LENG’CN (pm)
It
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onc  brouicr chunncl, Spccifrcalty,  three AV lR.tS chan-
nels centmcd at (}.855, 0.86S, ml 0.%7S pIII WCIC ilV-

cr~gti  tosirnultitc one hroitd window clwrrncl  with u
handpas belwcwn 0,850 awl O.Wto  vm. three AVIRIS
channels ccntorcd  M 1.028.1.038, :md 1.047 Nm WMC
uvw w.@ to simr,datc unothcr  broad  window ch:trtnel
with u bumlpass Mown 1.023 :.md 1.052 pm, nine
AWRIS churmclc  within  the wmr vnrw :ihsorptitm
rction wtm avem$cd to $imulatc onc twoud ahsorpt.iorr
channel wilh a htmdrwm hctwecn  0.899 ond 0.98.f ~Im,
A three-channel rvtio R. AT1OOIW WM computed t’rom
the acmurcnt rcilcclanccs of Ihc hrw~d chanrwls  hw-x.l
on l?!, (2), A number of spcctrid M AVIR,lS sptcrral
rcsoltrtion  were t’iilcuktlw-l  using lhc Malkmus  ( 1067)
nttrrowhand  spcvtrul  mudcl  and u s i n g  olmosphcrk
tvmpcraturc,  prrxwc,  und water vapor vw-tical dislri-
buticm prolilus nw$w’cd with a Nmlorwl  Wc:tther  Sur-
vicu rwjiosundc  Iwlrmsrxl  onc hour Ix’fore t hit A V [R 1S

..- OvWlllgtU  but with @ UIIUIIUI  wdlcr  vttptw arnimli~s
being SCAM by appropriWc f’ctnrs. Three.ckmnt:l m
tius RATIO{J,I were ohtuincd front lhc :J m ul:wd SPW-
trti. A table of lhrcc channel mtios as a function ot
LXJIUIIIII  W.IOA VA~I amount w{i.i prn(llmnd,  Thi\ d
umn wtiwr  vapor amount was obtained from RA’TlO,W

. . I.. ..l, .“. l,hhl,, * .W,,l,, r,, ‘1-l,, > 1..,,,,,., ,, * r,tr”n
‘/-$;jwti  a blitck.ond-fidtc  lmagc proccssuo  (lUW IIIL
dorivctt  column w~tcr vapor values using the Lhrtc-
UIIUIIIIUI r~tioing twhniquc.  The ima~c  i:~ {!(xIwJ  ::(> tlwt

bluck currtxqxmds to a co lumn water wpw (>( 2.S  cm.
und whito 3.2 cm. 15 ficcpt far thr~w bright tpow. rl>~>
image is fairly uniform. The dry I:tkc hwl is h:]rdly wcn
in thu irnu8w ‘l’his in~Jic:\i~.~ ( IUII t lw sllrlhcc wflcctancc
clliixxs  urc mostly removed in llw wmcr viwn)r  Itwkvd
prwx~s. TIw mcun {~1” the column wit[Cr  V:IIMW  v~luct
over [hc cnlirc sccnc is ?,$7 cm, upproxinw(d~  2..$’fi,
grua(cr (him lhc VOIUC  O( 2.80 cm nxxisutvd  WIIII  Iht
fittiit)sondc.  Tht sttindarcl dcviotioll  (JI” Ihc dl:riwxl col-
umn WUIIX vapor valuus  is 3,3%. “1’lw :Wntl:w i dcvi:k
lion muinly rcsul[s l’rorn  the col)lbintill(m  oi” Itw hnnv
signul to Ax ratios oflltc AVIRIS d:~lu i]n(! tlw dif;
fcnmccs in nonlincorily of rcflrmmcm (}~surlkk?  [W Yjx:l
within the Went.

Culuniil  wiilCf  vqmr  amounts were OIW> rc.lriuvcd
. .

(rem four sets of AVIRIS datii mrxsurcd iit 18S2, lW.1,
1916,  and I X27 UTC 23 Juiy IW O  u$~n~ ihc it’u-cw-
chwtncl ratioing lcchniqtm  dcscribcd  above, Alth[mgh
ths tiky WAS  GIWM when Ihc AVIRl!l  mcw+uromml$  www
m~&!,  thwc WJS u wctik frontiil systcm pwi rrg dw silt.
l%: !il)por  row from Id] 10 right  of ~i~,  9 Shr)w$ jmn~cs

prowsscr.i  f rom rudianccs  of tlw 0,W\5-~rn  f,’horitwl
rrvmurcd tit the four  Iimcs,  rrxptxtivdy. Mh I.11” [hc
imugcs  c(wcrs u surface urco [)1’uppr(}xirll:lluty  I 2:’ I 2
km:. ‘The iowcr row from Icft lo right (Ii’ [;i~,. 0 IAQW*
the cor’responding column vwicr vnpor  I m; II:c!. “JhI:
imug~~ arc color  codrxl so UXI1 blue c{wrvs~xmds  10 :1
column water vapor of 1,95 cm, ancl rcd 2.45 cm, “Thtxc

w~tcr vapor imugcs  shawwd that drier ~i r intruded into
the Rogers Dry Lokc urcu w the krIuI lit]lc.  AII Nwfi

*, ,.,. !
?B

rmlio’$onde mlwwcd from a plaw near the Iowr?r-letl
corner M tho  top loft image 23 rninuws  pricir tn th!
first AW RI!+ ovcrftight gave a column water vapor
amount of 2.2 cm. Figure If) Klrnws  a time SCfiC9 Of
column wwcr  vapor amounts measured from ground
M 1? ogrr% l%y I.skc with a sunphotomcter  on the same
dav.  Tht decrcasi  ng of cdurnn  water vapor amount
during  the AVIRIS consecutive ovcrtlights  arc seen
frowr this fifiurc,

6. (hmptirison bctww!n reflectance tmd lR emission
(rvhlliqum

The \viltCr vapor protilc retnoval$ from IR cmis$ion
muitsurcments  in the 6- I+rn wgictn am very scmwtivc
to the xisum~xt  surftice  temperature, atmospheric tem-
I.CI aturc. umt wmer vrmor vcrticd di$trihuticm  ( Router
N iii. IWM: Huydun  1988).  However. retfkvals  of col-
um II warm ~iU30r  amounts  from mcasurenwnts  ot’solxr
rwli:itiofl  rcth.wxl  by the sr.rrtkmc near I ~rn are rcla-
tiwdy imensi~ivl?  to the m$urnd :ltmn~phtwic  models
(Gao and Gwt7  I W(% Ciiro et d, 1992), ErTors in sur-

a[ivc insensitivity of rctrirxds  to the assumed tcmwr-
nlvrc ~rofilcx  from mewwwnertts  Of rcflcctcd Molar rrr-
cii:l!ion ctin h cxplainwl using the theory of infkared
upw:trtwmpy  ( C,omly :Inri Yurrg 1989). Ovcr the 0.94+
pm v+lrr vupor I?und absorption region, there arc nu-
nwws vihritti[~nnl.,  rt)tatit>nal lines. !l~me of the Iitm!
Imvc [xwitive wmitivily  to tcmpcraturc changes, and
lhr LYmU:IW:  @ IrUC  for the other lim.% The average
(’lli:Ct  d :IH hIh3 irt the hand !m liltlc  tempcmttm
wnsiiiv([y,  “1’hc rcl;ltivc inscrwitivity to tht msumcd
WiIILT  v:lptw prnliics  is unticrstandzrhlc  from tho fact
llnt (hc waler v:.qwr value is csscntiolly dcriwti  i’rom
th:  lrr(~iltl Il”:li)!illllll:ti)uc  ot’the ahsorpt!on channd  and
IFNII the In[:[In Irnnsmiltuncc  is not very sensitive 10
Ilw W.IWI tiiil~(~,  VC.I+Q1  distributions ~%ccpt, to some
cxmnt. prcwurc.,

Tlw propowxt  IWJcinncu  (cwhnique works only over
kud arm (cxdut-!ing  ktkcs and nvcrs)  during the day.
time, wl~ilc  i hu lt2 vmission  tcehniquu works over Mh
l:IntJ ml occ:tn during the day rind night. Both the
r{:!l(:(’l:llmt tm:hniquc  and t h e  IR tmission tcchniouc
pmvidc  snnw i nformmtion  on water wtpnr  ubovc cloud
UMS, IIrc:u!sc the near.[11 radiation and the IR radia.
I ion do rmt pass through  w~tcr clouds, both the rcflcc.
MIKC  ~cchniqul: wtd  the IR cmissimt trxhniqum fail to
IJlt)vi[l(:  Wiif(!r  vapor irrfrmrnatirm  below watti clouds.
Silit.c the wmttm.’ci rwjiation by aerosols also contains
\v;lll:l’ v:)por  absorption  signmurcs, t h e  rcrlcctmwc
rcrhnlquc nx!y :Jlso  yield some inromrralion  nn wittcr
V;,P)I  (jvcr  IIIC (nxun  and o v e r  ltikw  id ri~w-s,  pru-

vi{lcd  that ?Iw signal to noise ratios of radiances from
(h!:  (Ilr{t’  m,\r-lR  charincls  arc suficicntly  high ond
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Lhui ihc utmosphcrk  m ulliplc  scNlcring  :md iNxo@iort
prwxwcs can tx moclclcd propcrl  y.

7, Dismm$ion

Near  I Km,  the rctlcctanccs  ol’iron-rich soil~~ dcvituu
signifitxnlly  from  linearity, If Iinciirit y 0( rcflccmnccs
isussumwl  whun dwivi ng column wuiw-  v:qwr  amounts
~rom rw.tiwxw  d’ Ihc (hrc~ rtctir-IR  chtinnds  nuwurcd
over  thcw Wgcts.  $W.’m:)!  if {’rrws f d’ :JPPIW.  imatul  y
8’S1 ctin hc  intrmkwl. ‘rh systcnultic  ~!rrors can  k

rl’(luccd  iflhc rmnlincurity  o(’ rcflcc%incc:;  [Wthmc W’.
guts is lakcn into oucount  when Miving IIW c[~lumrr
wutcr  vanor  viilucs.  A gc(dogic mop  d’ iron= i’ich soils
tit im ~pproprialr! sputitil rwwlulion wnukl  lw vscl’ul
when developing opcritiorriti  algorithm+;  (or colomn
waler  vupor  umount  retrievals ~rom  the ncur.ltt n3di-

ancc measurements. Bct!Wsc surktcc rcikclnnccs  usu-
tilly c h a n g e  m u c h  s l o w e r  w{th limo thun thc alww-
sphcric water vapx’.  the dotcrnmrmtion d’ tcmpnral
vuriutkms  uf COIUJIIU water *apor w-mmnls  using (hc
rdlwwnrx techniqut  is cxpectcd  to bc n!li:lhlc. uvcn ii’
systcmutic  e r r o r s  am prwwnt in tlw dcriw~d  ~~~lurnn
wwr wpor  amottms.

TM atmospheric tran~mi$sion  rmdd (.wn b ;IIIpli/  YI

k) derive column water vapor amounts from mcw)rc
mcnts  1# solur rwiialinn ntur I  urn  rclbxtcd  l~v IIIC
surflm undw low Wosol concunlrution Goml  ItmI~$.
[hot is. with visibilitics of 20 km or ~ruulcr, }Ifjwcwr.
when M mo$phcric aerosol mmccnt r:iti[ ~ns :Iri: high.
scuttwin~ effects arc importiint. Scalhxi m! (*IIOCIS Inus[
k modeled properly when dwivin~ column  Wutcr  va-

p o r  timounls  f rom rncasurcmcnls  nmik UIIL!CI  ho~y
conditions.

‘Tht b:mdpassm of interference filtcm on a Srttellitc
illstlul~~vnl $nust l-w made M able as possible. If, for
example, the bitndpas$t$ of the two window chanm?la
W* $liihd to longer wavolwrglh by more thrm 10 nm,
thtn the two window channels will be sensitive to water
vspor ehfin~m :Ind [hc three-chanrlci  ritio c~lcuiMCd
ming  I?.q,  (t) will lx? Ims sensitive.

‘rh~+  SIMM ol’column water v300r  retficvais  (Gao
:Ind  f ;OCIZ IWO ) from the AVIRIS data has influenced
the Ncc[ion nf n~ilr-lR  vmtcr vapor channels  ( ~uf-
II)NR nml C;OO  !~P?2 j Ior Ihc Modcrm Resolution lm-
;ll:iq,,  fpcc[ri?nlt:lcr  (  MOOIS )  (Srdomrmon  C! tit.

,f, j -.,. . . f. . ---- r -,- r 1

1
t
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19W ), u polworbh  satclli[c instrument cIIrmrrtiy
schcdukt for launching in 19CJK  MCW[S  will  txivc
three wutcr wpor  sensitive channels within tho f).94-
pm water vapor  b@ itbsorption  region,  iltmxici  or fhc
onc broad water vapor absorption chm  t-w!  propow(i
in this paper.

$. Stsmnmry

Thmc near-iR  chunnc~  onc vmcr vnpor  uhsorplion
clwsmcl ccntrxcd aI 0.935 Am wi!h o width of 8{) nm,
and two window channels ctmcrcd M 0.86$ :md 1.(M
pm, rcstwclively,  with the %tmc wldlh o! .30 nrn, arc
proposed for rcmok  sensing wuIcr  vapor  ovtr  Mnd
imzus Uunnk dilyurnc  from fulufc fymuwl(mwy  xdcllik:
platforms. The thrcwhanrwl  rwtio. CNCUIOIM  ocvnrd-
ing [O &q, (2 ). rcrnovcs the GWCCI 1)1’ Iintmr wmi:{!.imw
of’ sudhcc rdktisrrcc  with w~vckn~,  th ;md rjvt!s :Ip.

- - - pwAiIImlcly  Ihc mum wOW vopot  lr:tnmt  itt:uvx t)f”
the absorption channel, T’hc column wntcr v:tpot is

.’l(’knf/~’/L’dgmt’nI.Y.  The authors arc gmmrul to K.
-. Hcidcbrcchl  at Ihc Center fix M SItdy  d !2wth from

Space. University of Color~do  M flouldcr I’m helpful
commtmts  on the manuscnpi.  l’ltis wom w($ pflfl1211y
supporwd  by the NASA /Goddmi Sp:tclI  Ni~~ht {:~mtcr
under contract NAS5-305S2.
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